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VSHFLDO LPSRUWDQFH IRU WKH ODUJH WZR VWURNH GLHVHO HQJLQHV GXH WR WKHLU ODUJH DEVROXWH IXHO FRQVXPSWLRQ DQG ORQJ
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WKH LQGXVWULDOL]HG FRXQWULHV KDYH LQWURGXFHG VWULFW UHJXODWLRQV IRU GLHVHO HQJLQH HPLVVLRQV DQG IXHO
HFRQRP\VWDQGDUGV'XULQJWKHODVWWZRGHFDGHVGLHVHOHQJLQHPDQXIDFWXUHUVKDYHLPSURYHGVLJQLILFDQWO\
HQJLQHVSHFLILFIXHOFRQVXPSWLRQDQGDVDUHVXOWLWVHIILFLHQF\E\DSSO\LQJYDULRXVWHFKQRORJLHV+RZHYHU
WKH SRWHQWLDO IRU IXUWKHU LPSURYHPHQW LV UDWKHU OLPLWHG &RQVLGHULQJ WKH DPRXQW RI KHDW ORVW ZLWK WKH
H[KDXVWJDV XWLOL]DWLRQRIH[KDXVWKHDWDSSHDUV WREHDQDWWUDFWLYH VROXWLRQ IRU IXUWKHU UHGXFWLRQRI IXHO
FRQVXPSWLRQ 7KLV LV H[WUHPHO\ LPSRUWDQW IRU ODUJH GLHVHO HQJLQHV GXH WR WKHLU VL]H DQG DEVROXWH IXHO
FRQVXPSWLRQ ,Q WKH SUHVHQW SDSHU WKH H[KDXVW JDV KHDW UHFRYHU\ WHFKQLTXH FRQVLGHUHG LV D 5DQNLQH
ERWWRPLQJF\FOH$VGHSLFWHGLQ)LJWKHH[DPLQHGLQVWDOODWLRQGXHWRWKHODUJHVL]HRIWKHGLHVHOHQJLQH
DQG WKH FRUUHVSRQGLQJ PDJQLWXGH RI H[KDXVW JDV IORZ UDWH FRPSULVHV RI WZR LGHQWLFDO 5DQNLQH F\FOH
V\VWHPVZKLFK H[SORLW WKH UHMHFWHGKHDW IURP WKH H[KDXVW JDV WR WKH DPELHQFH$ W\SLFDO OD\RXW RI WKLV
WHFKQRORJ\ LV GHSLFWHG LQ )LJ  ZKHUH DQ H[KDXVW JDV KHDW H[FKDQJHU LV LQVWDOOHG GRZQVWUHDP RI WKH
WXUERFKDUJHU WXUELQH WR SUHKHDW WKH 5DQNLQH F\FOH ZRUNLQJ PHGLXP >@ $ FLUFXODWLRQSXPS DQG DQ
H[SDQGHU FRXSOHG ZLWK DQ HOHFWULF JHQHUDWRU DUH DOVR LQFOXGHG LQ WKLV 5DQNLQH F\FOH V\VWHP 7KH
LQVWDOODWLRQ RI D FRQGHQVHU LV DOVR YLWDO IRU WKH RSHUDWLRQ RI WKH V\VWHPZKHUH WKH FRRODQWPHGLXP IRU
























PHGLXPHQWHUV WKHFLUFXODWLRQSXPSDW WKHVDWXUDWHG OLTXLGVWDWHDQGH[LWVDW WKHF\FOHKLJKSUHVVXUHSǾ
7KHQDWWKHH[LWRIWKHFLUFXODWLRQSXPSLWHQWHUVWKHKHDWUHFXSHUDWRUZKHUHLWLVSUHKHDWHGIURPWKHYDSRU
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7KH ILUVW ZRUNLQJ IOXLG H[DPLQHG LQ WKH SUHVHQW DQDO\VLV LV VWHDP +2 ,Q DOWHUQDWLYH DQ RUJDQLF
ZRUNLQJPHGLXP5FD  SHQWDIOXRURSURSDQH LV DOVR FRQVLGHUHG LQ WKH LQYHVWLJDWLRQ ZKLFK
EHORQJV WR WKH IDPLO\RI IOXRURFDUERQFRPSRXQGV7KHH[DPLQHG UHIULJHUDQW LV LQIODPPDEOHQRQ WR[LF
R]RQH IULHQGO\ DQG LW LV SUHVHQWLQJ ]HUR R]RQH GHSOHWLRQ SRWHQWLDO 2'3 DQG D ORZ JOREDO ZDUPLQJ





$PDLQ REMHFWLYH RI WKH SUHVHQW LQYHVWLJDWLRQ LV WR HYDOXDWH WKH HIIHFW RI KHDW UHFXSHUDWLRQ IURP WKH









D FDQGLGDWH KHDW UHFRYHU\ WHFKQRORJ\ IRU GLHVHO HQJLQHV XVHG LQ PDULQH DSSOLFDWLRQV $V DOUHDG\
PHQWLRQHGWZRGLIIHUHQWZRUNLQJPHGLDDUHFRQVLGHUHGKHUHLQLH+2DQG5FD7KHWKHUPRG\QDPLF













LV WKH VXSHUKHDWHGYDSRU WHPSHUDWXUHDW WKHH[SDQGHU LQOHW$PDMRU LVVXH IRU WKH WXUELQHH[SDQGHU LV WR
DYRLG SDUWLDO FRQGHQVDWLRQ GXULQJ YDSRU H[SDQVLRQ $V D UHVXOW WKH SUHYLRXV UHTXLUHPHQW GHILQHV WKH
PLQLPXPYDOXHRIVXSHUKHDWHGYDSRUWHPSHUDWXUHDWWKHH[SDQGHULQOHWZKLFKLVDIXQFWLRQRIF\FOHKLJK
SUHVVXUHS+)RUWKHFDVHRIVWHDPLHZDWHUWKHZRUNLQJIOXLGDWWKHH[SDQGHUH[LWFRXOGEHLQWKHWZR
SKDVH UHJLRQZLWKDPD[LPXPSHUFHQWDJHRI OLTXLGSKDVHHTXDO WR7KLVDVVXPSWLRQ IRU WKH VWHDP
5DQNLQHF\FOHLVDGRSWHGFRQVLGHULQJWKDWDSLVWRQH[SDQGHULVXVHGDSSURSULDWHVROXWLRQIRUORZYROXPH
IORZUDWHV VHOHFWHG IRU WKHDSSOLFDWLRQZKHUHSDUWLDO FRQGHQVDWLRQGXULQJH[SDQVLRQ LV DFFHSWDEOH7KH
PD[LPXPWHPSHUDWXUHDWWKHH[SDQGHULQOHWLVREWDLQHGIRUWKH5()3523OLEUDU\7KLVLVDFKLHYHGXVLQJ
DQLWHUDWLYHSURFHGXUHZLWKDQLQFUHPHQWDOVWHSRIR&
7R VHFXUH WKHXQLQWHUUXSWHG WUDQVIHU RI KHDW IURP WKHKRW WR WKH FROG VLGHRI WKHKHDW H[FKDQJHU WKH
WHPSHUDWXUHRIWKHIOXLGLQWKHKRWVLGHKVKRXOGEHJUHDWHUWKDQWKHRQHRIWKHIOXLGLQWKHFROGVLGHF
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GXULQJWKHHQWLUHSURFHVV)RUWKLVUHDVRQWKHYDOXHRIWKHH[KDXVWJDVWHPSHUDWXUHDIWHUHDFKSDUWRIWKH
KHDWH[FKDQJHUPXVWFRPSO\ZLWKWKHSLQFKSRLQWUHTXLUHPHQWGHVFULEHGE\WKHIROORZLQJH[SUHVVLRQ
.77 LFRK  t   
7KH FDOFXODWLRQ SURFHGXUH LV EDVHG RQ WKH İ178 DQDO\VLV DQG LQLWLDWHV ZLWK WKH VLPXODWLRQ RI WKH
H[KDXVWJDVKHDWH[FKDQJHU7ZRSKDVHIORZLVWDNHQLQWRFRQVLGHUDWLRQZKHUHQHFHVVDU\LQVLGHWKHKHDW
H[FKDQJHU ,Q DGGLWLRQ JDV VLGH DQG WXEH VLGH KHDW WUDQVIHU FRHIILFLHQWV DUH FDOFXODWHG LQ GHWDLO XVLQJ
DSSURSULDWHUHODWLRQVIRUVLQJOHSKDVHIORZYDSRUL]DWLRQDQGFRQGHQVDWLRQ3UHVVXUHGURSRQWKHVKHOORI
WKH H[KDXVW JDV KHDW H[FKDQJHU LV DOVR FRQVLGHUHG IRU VLQFH LW DIIHFWV VLJQLILFDQWO\ HQJLQH H[KDXVW
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$SDUDPHWULF LQYHVWLJDWLRQ KDV EHHQ FRQGXFWHG WR GHILQH WKH SRWHQWLDO IXHO VDYLQJ IURP WKH XVH RI D
5DQNLQHF\FOHRQD WZRVWURNHPDULQHGLHVHO7KHPDLQSDUDPHWHU IRU WKHDQDO\VLV LV WKH5DQNLQHF\FOH
KLJKSUHVVXUHS+ZKLFKLVYDULHGEHWZHHQDPLQLPXPDQGDPD[LPXPYDOXHXVLQJDQLQFUHPHQWDOVWHSRI
 EDU 7KH PD[LPXP DQG PLQLPXP YDOXHV RI WKH 5DQNLQH F\FOH KLJK SUHVVXUH FRQVLGHUHG KHUHLQ DUH
SURYLGHGLQ7DEOHIRUERWKZRUNLQJPHGLD7KHVHOHFWHGYDOXHVIRUWKH5DQNLQHF\FOH ORZSUHVVXUHS/
DQG WKHFRUUHVSRQGLQJFRQGHQVDWLRQ WHPSHUDWXUHDUHSURYLGHGDOVR LQ7DEOH6HDZDWHU WHPSHUDWXUH LV
DVVXPHGFRQVWDQWDWR&DQGLWVVDOLQLW\LVFRQVLGHUHGWREHJNJ>@7KHFRQGHQVDWLRQWHPSHUDWXUH
VKRXOGEHDWOHDVWR&JUHDWHUWKDQWKHVHDZDWHUWHPSHUDWXUHWRVHFXUHKHDWUHMHFWLRQIURPWKH5DQNLQH













+2    
5FD    

7KHDQDO\VLV LVFRQGXFWHGZLWK WKHXVHRI WKHDIRUHPHQWLRQHGVLPXODWLRQPRGHO WRHVWLPDWH WKHPDLQ
RSHUDWLQJSDUDPHWHUVRIWKH5DQNLQHF\FOHV\VWHPVXFKDVSRWHQWLDO LPSURYHPHQWLQEVIFSRZHURXWSXW
DEVRUEHGKHDW DQG WKH LPSDFW RI WKH H[KDXVW JDVKHDW H[FKDQJHURQ HQJLQHEDFNSUHVVXUH7KHRSWLPXP






ERWK ZRUNLQJ PHGLD LH +2 DQG 5FD 7KH SUHVHQWHG YDOXHV RI WRWDO KHDW DEVRUEHG LQFOXGH WKH
H[SORLWHG KHDW IURP ERWK WKH H[KDXVW JDV DQG FKDUJH DLU FRROHU 7KHVH ILJXUHV DFWXDOO\ GHSLFW WKH
FDOFXODWLRQSURFHGXUHIROORZHGE\WKHVLPXODWLRQPRGHO$VZLWQHVVHGLQWKHILJXUHVWKHLQFUHDVHRIF\FOH
1449 Dimitrios T. Hountalas et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1444 – 1453 
KLJKSUHVVXUHS+UHVXOWVWRVLJQLILFDQWLPSURYHPHQWRIWKHF\FOHWKHUPRG\QDPLFHIILFLHQF\ZKLFKPHDQV
WKDWWKHVDPHSRZHURXWSXWLVREWDLQHGXVLQJORZHUUHFXSHUDWHGKHDWDPRXQWVIURPWKHPDLQH[KDXVWJDV
DQG WKH&$&$VVKRZQ LQ)LJ WKHJHQHUDWHGSRZHUXVLQJ VWHDPDVZRUNLQJPHGLXP LQFUHDVHVZLWK
F\FOHKLJKSUHVVXUH2QWKHRWKHUKDQGWKHRUJDQLF5DQNLQHF\FOHJHQHUDWHGSRZHULQFUHDVHVLQLWLDOO\DQG
DIWHUDFHUWDLQYDOXHRISHDNF\FOHSUHVVXUHVWDUWVWRGHWHULRUDWH
$VZLWQHVVHG IURP )LJ  WKHPD[LPXP JHQHUDWHG SRZHU RXWSXW RI D 5DQNLQH F\FOH RSHUDWLQJZLWK















































































































































































































































































LQ)LJVDQG)RUDOO FDVHVH[DPLQHG WKHRUJDQLFPHGLXPDW WKHH[SDQGHUH[LW LV VXSHUKHDWHGYDSRU
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3RWHQWLDOEVIF,PSURYHPHQWDQG2SWLPXP:RUNLQJ)OXLG0DVV)ORZ5DWH
7KH SRVLWLYH HIIHFW RI KHDW UHFXSHUDWLRQ WKURXJK WKH XVH RI D 5DQNLQH F\FOH V\VWHP RQ HQJLQH
SHUIRUPDQFHLVFOHDUO\GHSLFWHGLQ)LJ6SHFLILFDOO\WKHUHLVDVLJQLILFDQWLPSURYHPHQWFRQVLGHULQJWKH
VL]H RI WKH HQJLQH RI EVIF DW DOO FDVHV +RZHYHU WKH LPSURYHPHQW LV KLJKHU IRU WKH 5DQNLQH F\FOH
RSHUDWLQJ ZLWK 5FD DV H[SHFWHG FRPSDUHG WR WKH RQH IRU VWHDP $V UHYHDOHG EVIF LPSURYHPHQW
UDQJHV EHWZHHQ  DQG  IRU WKH RUJDQLF 5FD ZKLOH IRU VWHDP WKH FRUUHVSRQGLQJ YDOXHV DUH
DQG
7KHGHSLFWHGYDOXHVRIZRUNLQJIOXLGPDVVIORZUDWHLQ)LJFRUUHVSRQGWRWKHRSWLPXPRSHUDWLRQRI
















































































ZRUNLQJ PHGLXP SUHVVXUH GURS DW FKDUJH DLU FRROHU LV DOVR QHJOLJLEOH 7KHUHIRUH WKH DVVXPSWLRQ RI
FRQVWDQWSUHVVXUHIRUWKHKHDWLQJSURFHVVRIWKH5DQNLQHF\FOHZRUNLQJPHGLDLVYDOLG
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5DQNLQH F\FOH V\VWHPZKLFK UHFRYHUV KHDW IURP WKH H[KDXVW JDV DQG WKH&$& RI D WZRVWURNHPDULQH
GLHVHO HQJLQH 7KH DQDO\VLV FRQVLGHUV IRU WZR SKDVH IORZ KHDW WUDQVIHU GXULQJ YDSRUL]DWLRQ DQG
FRQGHQVDWLRQ RI WKH ZRUNLQJ IOXLG ,Q WKH SUHVHQW ZRUN WKH ZRUNLQJ IOXLGV H[DPLQHG ZHUH VWHDP DQG
5FD7KHIROORZLQJFRQFOXVLRQVKDYHEHHQGHULYHGIURPWKHDQDO\VLV
x 7KHLQFUHDVHRI5DQNLQHF\FOHSHDNSUHVVXUHLPSURYHVWKHUPRG\QDPLFF\FOHHIILFLHQF\DQGJHQHUDWHG
SRZHU+RZHYHU WKH LQFUHDVHRI F\FOH KLJKSUHVVXUH UHGXFHV WKH WRWDO KHDW H[WUDFWHG IURP WKHPDLQ
H[KDXVW JDV VWUHDPDQG WKH FKDUJH DLU FRROHU)RU VWHDP DIWHU D FHUWDLQYDOXHZKLFK LQFUHDVHVZLWK
HQJLQH ORDG JHQHUDWHG SRZHU UHPDLQV IDLUO\ FRQVWDQW EHFDXVH WKH DPRXQW RI WRWDO KHDW H[WUDFWHG LV
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UHGXFHG)RU WKH FDVHRI WKH RUJDQLF JHQHUDWHGSRZHUGHFUHDVHV DIWHU D FHUWDLQ KLJKSUHVVXUHYDOXH




x 7KH FRQVWDQW DQG ORZ WHPSHUDWXUH RI VHD ZDWHU IDYRUV RSHUDWLRQ RI 5DQNLQH F\FOH DW ORZ YDOXHV RI
FRQGHQVDWLRQSUHVVXUHDQGWHPSHUDWXUH
x 7KHUHODWLYHO\ORZDLUWHPSHUDWXUHDWWKHFRPSUHVVRUH[LWGRHVQRWIDYRUKHDWUHFXSHUDWLRQIURPFKDUJH
DLUFRROHU
x 7KHPD[LPXPRYHUDOOEVIFLPSURYHPHQWLVDQGIRU5FDDQGVWHDPUHVSHFWLYHO\7KHVH
YDOXHVFRQVLGHULQJWKHDEVROXWHVL]HRIWKHHQJLQHDUHVLJQLILFDQW
x 7KHPDVVIORZUDWHRI5FDLVDSSUR[LPDWHO\WLPHVKLJKHUZKHQFRPSDUHGWRWKHFRUUHVSRQGLQJ
RQHRIWKHVWHDP5DQNLQHF\FOH+RZHYHUWKHDEVROXWHYDOXHVRIPDVVIORZUDWHZKHQXVLQJERWKVWHDP
DQG5FDDUHDGHTXDWHIRUWKHXVHRIDWXUELQHH[SDQGHU
x 7KHHVWLPDWHGSUHVVXUHGURSDWWKHKRWVLGHRIH[KDXVWJDVKHDWH[FKDQJHUDQGFKDUJHDLUFRROHUGRHV
QRWH[FHHGPEDUZKLFKDIIHFWVWKHHQJLQHRSHUDWLRQVOLJKWO\+RZHYHUWKHYDOXHVRISUHVVXUHGURS
FRXOGEHIXUWKHUUHGXFHGZLWKDQLPSURYHGGHVLJQRIKHDWH[FKDQJHUV
2YHUDOOLWFDQEHVWDWHGWKDWWKHLQVWDOODWLRQRID5DQNLQHF\FOHLVDQDWWUDFWLYHFDQGLGDWHVROXWLRQIRUWZR
VWURNHGLHVHOHQJLQHVWRZDUGVWKHHIIRUWWRUHGXFHIXHOFRQVXPSWLRQRIPDULQHGLHVHOHQJLQHV
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